The present study sought to determine the appropriateness of conventional water supply technologies (boreholes/ deep wells) by determining the presence and functionality of existing drinking water sources in Gwanda district, Zimbabwe. Research methodology entailed the land systems approach. A total of five wards representing all environmental gradients in the district were selected and a household questionnaire was administered and five focus group discussions were also done in the five wards. Quantitative data from the questionnaire was analysed using the Statistical Package for Social Sciences (SPSS) version 17.0. The majority used protected water sources, albeit seasonal, resorting to open sources during the dry season. The opportunity cost for collecting water was high and this had serious ramifications to other livelihood activities. Alternative water sources were limited. There was also a dearth of robust institutions for community based water source management. The ratio of people per water point was also far too high. It was concluded that lack of appropriate technology for rural water supply in semi arid regions undermined access to safe and clean water. In order to increase access to water supply in semi arid regions appropriate technologies such as river sand dam abstraction systems have to be adopted.
Introduction
During the last decade Zimbabwe made remarkable progress in the provision of water supply. It had achieved a total coverage of 56% for water supply. However, coverage has since declined to 30% owing to a host of factors [1] ; [2] . With increasing scarcity of groundwater, harnessing surface water could be key to improving water supplies in semi arid regions. The arid regions are typically subjected to occasional high rainfall events and a consequent high degree of surface erosion [3] . The rivers are not able to cope with the large sediment load, which cause settlement of large amounts of sand within the river channel. As a result, many of the rivers have become socalled 'sand rivers' [4] . 'Sand rivers' refer to the dry riverbed and the underlying alluvial aquifer, which usually contains groundwater throughout the year. Because of their shallow depth and vicinity to the streambed, alluvial aquifers have a direct relationship with the stream flow ( [5] and can significantly contribute to the water balance. River flow usually dominates recharge of alluvial aquifers [3] ; [6] . As a flood travels down a non-perennial river, water infiltrates into the sandy and gravel alluvial deposits of the channel beds. The amount of recharge depends on the intensity, volume and duration of a flood [7] . In non-perennial rivers in Botswana and Zimbabwe flow only occurs after the aquifer channel sands have become fully saturated ( [3] ; [8] ; [6] . After a rainfall event, the groundwater table declines away from the stream, and thus groundwater flow leaks away from alluvial aquifer into the underlying granite ( [9] . Groundwater stored in the riverbed can also be perched above the weathered basement ( [10] ; [11] ; [12] . Silt and fine sediments form an almost impermeable seal at the base of the river channel, which prevent seepage into the underlying basement layer. The recharge of alluvial aquifers ensures a water source during the dry season for plants, animals and people [13] . The recharge process is therefore fundamental to an understanding of livelihood conditions and the sustainability of different types of water consuming activities.
In arid areas, evaporation and transpiration have great effect on the hydrological cycle and thereby on the availability of water for vegetation ( [9] . [14] and [3] showed the evaporation following saturation causing a 0.9 m drop of the groundwater table within three months. Evaporation stops when the water table recedes 0.9 m below the surface of the sand. Below this elevation, water is only lost due to evapotranspiration by riparian vegetation and leakage to deeper layers. Riparian vegetation can determine the character of the river. [15] show that removal of vegetation increases the total runoff in a South African catchment. In addition, when eucalyptus plantations grow in the riverbanks a perennial river may turn ephemeral. Despite the high hydraulic conductivity, the groundwater flow through the alluvial aquifers itself is rather slow due to the gentle slopes. Nord [3] estimated the water velocity roughly to be about 1 -2 m per day. During the dry season, the seepage and evapotranspiration are the main losses in alluvial aquifers. The groundwater flow in these smaller systems even seem to cease towards the end of the dry season, while there is still a substantial subsurface flow in the larger alluvial aquifers [3] . Therefore riversands have great potential for supplying water through out the year in semi arid regions if exploited using river sand abstraction systems. Conventional water sources such as boreholes and deep wells are technically and financially expensive to develop and maintain. Given, that the economy of the country is not performing well, general spiralling poverty and climate change, the Millennium Development Goal 7 target related to improvement of access to safe and clean water may remain a mirage in Zimbabwe. As such the riversand dams through sand abstraction technologies such as Joma and Rowa pumps may be critical in improving rural water supplies. The study sought to determine the appropriateness of conventional rural water supply systems in the district by analyzing the presence and functionality of existing water supply systems.
Methods and Materials
A cross-sectional survey design was adopted [16] . Research methodology entailed stratified sampling using a landscape based classification system called the land systems approach [17] ; [18] to delineate areas of different environmental gradients in the district. The district was divided into four environmental gradients. A total of five communal areas wards of Gwanda district were selected using stratified random sampling, ensuring that each land system was represented. While rainfall input decreases from land facet 1 to 1V , the opposite is true with respect to the depth of the main water table. A total of 28 villages were selected. The number of respondents per ward was proportional to the total sample size. At household level, convenience sampling was done because many settlements in the study area were scattered. The total number of households to be interviewed was determined using the sample size calculator. As a result a total of 698 households were sampled. The Statistical Package for Social Sciences (SPSS) version 17 .0 was used to analyze quantitative data generated from questionnaires. Gwanda district predominantly lies on agroecological region 5 [19] and is underlain by intrusive igneous rocks [20] .
. Results
.1 Water Supply
The results of the survey indicated that 66% of the surveyed households access water from protected sources and the remainder used water from unprotected sources (open well, river sand pond or dam) for drinking purposes. Results show that for land facets 111 and 1V, boreholes were the main water source for the majority while for land facets 1 and 11 unprotected sources (the traditional sand well, open well, and dam) were the main sources for the majority ( 
*Piped water -refer to isolated points in business centres or clinics
Sixty percent (60%) of household respondents indicated that their households' members travelled distances of more than 0.5 kilometres to fetch water. In terms of time taken to water points, 46% of the respondents indicated that they need less than 15 minutes to reach their water sources. Twenty eight percent (28%) of the households' respondents indicated that they take more than 30 minutes to reach their water sources. The remainder (26%) of the respondents indicated that it takes between 15 and 30minutes for them to reach the water sources. Fifty nine percent ( 59%) of respondents spent less than 15 minutes collecting water, 25% spent between 15 and 30 minutes collecting water and 16% spent more than 30 minutes. The borehole was the most preferred source mainly because of cleanliness (57% of the households) and short distance (30% of the households). The traditional sand wells were preferred by 39% of the households due to the short distances travelled to the source and by 27% of the households as they perceived the water to be clean. For water sources across sites, cleanliness of water was the most common reason for preference, with 42% of the households alluding to it. This was followed by short distance travelled to the water point which was referred to by 35% of the respondents. About 18% of the households preferred water taking into considering the following reasons; high yielding (9%), taste (6%), odourlessness (2%). Two percent (2%) of the households referred to all the cited options. Meanwhile, 36% of the households' respondents indicated that they did not have secondary water sources. Boreholes were the prominent secondary water source for 22% of the households. A total of 13% of the households had the traditional sand well as their secondary water source. The other secondary water sources had the following percentages; shallow well (13%), dam (4%), protected well (2%) and piped water (1%).
management
Fifty two percent (52%) of the respondents said that there was no water point user committee in their area. Forty three percent (43%) of the household respondents mentioned knowledge of water point user committees in their area. The remainder (5%) said that they did not know whether or not there was a water point user committee in their area. Fifty percent (50%) of household respondents said that the community was collectively responsible for maintaining the water sources, especially boreholes. River sources were not being maintained. Twenty three percent (23%) indicated that no one maintains the water sources as they would be mainly relying on rivers and dams which require less maintenance work. About 8% said only those that use it, while 9% said it was the owner and 5% did not know and another 5% said the water source was self maintained. About 56% of respondents indicated that Ward Pump Minders (WPMs) were there in their wards. These are responsible for the maintenance of water facilities, and they are assisted by Water Supply Operatives who are based at the district level. Most (74%) of the respondents indicated that the WPMs were males and this is largely due to the fact that culturally such jobs are associated with men. The communities indicated that 34% did not receive any formal training but they were doing the work of the WPMs because they were trained by their family members, relatives and friends. The respondents indicated that the WPMs were trained by the District Development Fund (DDF) (31%), the other 31% did not know who trained them, Non Governmental Organizations (NGOs) (3%) and Rural District Council (RDC) (1%). Community members indicated that the tools were not adequate for the repairs of the water facilities. Pump mechanics faced challenges during borehole rehabilitation and repairs due to lack of adequate tools especially the rod fishing tools, vice grips and as a result they resort to risky methods. Tool sets that were previously purchased and distributed to villages are no longer complete and there is need to acquire new kits. The cost of spares remains above the
Institutions for community based water resources
reach of communities. A complete set of borehole repairing/ rehabilitation cost about $300.00.
Land facets 11 had the least functional boreholes whilst in terms of protected wells, land facet 1 had the least number of functional wells. Land facet 11 and IV had more functional piped water schemes than others whilst land facet 1 and 1V had the highest number of functional shallow wells (table 2). 
*Piped water -refer to isolated points in business centres or clinics
About 50% of respondents indicated that they experienced a borehole breakdown in the past three months. Twentyfive percent of respondents indicated that it took them about a week to repair the borehole and 20% indicated that it took them over a month. In reference to table 3 below, shortage of spare parts was the recurring problem related to break downs across the sites, followed by shortage of money to either buy parts or pay village pump minders (table 3) . The ratio of persons per borehole is shown in table 4. The maximum recommended number of boreholes per household is 250.
Functionality of water points
The majority of household used protected water sources (66%). However, the figure is likely to be slightly less than this since the validation process revealed that some community members failed to distinguish protected (lined) and unprotected wells. Moreso, in some wards, boreholes were hardly functional and communities had to resort to unprotected sources. This is further corroborated by that 22% of respondents indicated that boreholes were their secondary water source. This suggests that their primary sources were likely to be unprotected. The results are rather in conformity with the views held by Svubure etal., [2] that currently communities are resorting back to unprotected/ open access sources for potable water. It is also important to note that some protected water sources are seasonal and even communities that use protected water sources often resort to unprotected sources at some point during the dry season (May to October). Nevertheless, the result is consistent with the water supply coverage for Africa which is at 62% ( [21] and contrasts with the water and sanitation coverage in the country standing at 43% [22] . Climate change coupled with increased demand for underground water has led to the lowering of water The opportunity cost for collecting water was also high owing to the distances travelled and time taken collecting water. This was not consistent with [22] 's ambitious plan to ensure that everyone can access safe drinking water supplies from a Primary Water Supply within 1 km of home and when 50% of rural households have at least a Blair latrine. Results also revealed that the ratio of persons per borehole per ward was also high. This was divergent from the NAC planning criteria that consisted of 250 persons per borehole, 150 persons per deep well and 50 persons per shallow well ( [22] ). In addition 60% of respondents indicated that they travelled over 0.5km to the nearest water source. However, according to the [23] , the maximum standard distance from any household to the nearest water point should be 0.5km in disaster situations. The most preferred water source was the borehole, since it was perceived to be clean and safe. However, where water was salty, communities resorted to unprotected water sources. Apart from cleanliness and safety of water other factors such as distances travelled to the water source, yielding rate, taste, odourlessness determined preference for the water source. This means that if a clean and safe water source existed but had these challenges, communities would not use it. Results are in conformity with findings by [4] that the villagers did not favour groundwater for their water needs. The results also suggest that there was a general lack of alternatives in terms of water sources since 36% of the households' respondents indicated that they did not have secondary water sources. Although respondents preferred water sources that were nearer and provided clean water, it emerged that such preferred water sources were seasonal and tended to dry up, leaving communities stranded.
Discussion
With respect to functionality, higher percentages for conventional water supply systems were registered in land facets 111 and 1V owing partly to lack of alternatives in the drier areas. Overutilisation of conventional water sources could be contributing to high rates of break downs and general water scarcity as the ratio of persons to boreholes is higher across environmental gradients, suggesting that conventional technology of water supply may not be able to meet demand in a changing environment. In terms of institutions for water resources management, results suggest that institutions were non functional or not there at all. The water point user committees (WPUC) existed in areas where the boreholes are functional, whilst in areas where the boreholes were non functional the water point user committees were no longer functional and hence they were not known by the communities. The WPUC is important in the maintenance of the water point through enforcing various rules and regulations agreed on by the communities. However, other water sources such as dams, rivers and shallow wells never had institutions for management at a local level but at a national/ provincial level. Results also suggest water sources other than the borehole and deep wells were not maintained and this suggest that there is unsustainable utilization and [24] 's tragedy of the commons existed. The results are in conformity with findings by [2] that in rural areas the systems that have been put to deliver water such as boreholes and water point committees have deteriorated. Many of the boreholes which were meant to be the main means of water supply have broken down.
Results also suggest that communities lacked capacity to maintain boreholes as their main and preferred water source owing to lack of training, tools and resources. For example complete set of borehole repairing/ rehabilitation cost about US$300.00 and setting up a new borehole cost around US$ 3000.00. On the hand setting up a sand abstraction costs about US$350.00 and maintenance costs are about US$2.00 per month. Local institutions for water point maintenance were essentially non functional, suggesting the need for strengthen such institutions and linking them with national level institutions.Village pump minders were either trained a long time ago or never received any formal training. Tools were not adequate for the repairs of the water facilities. Pump mechanics face challenges during borehole rehabilitation and repairs due to lack of adequate tools especially the rod fishing tools, vice grips and as a result they resort to risky methods.
Conclusion
In the context of global environmental changes, it was concluded that lack of appropriate technology for rural water supply was the main driving force behind the dearth of potable water sources. Most boreholes/ deep wells had broken down and some were beyond repair and the cost of repairs or rehabilitation were prohibitive. As such, conventional rural water supply technologies (boreholes and deep wells) were not appropriate for the poor communities in the context of climate change and increasing population. Appropriate technology should be introduced with attendant capacity enhancing to ensure success. In addition, the ability to effectively manage water points in the district is essentially a function of the level of community organization. Results indicated that in areas where communities were well organised, management of water points such as boreholes was effective. It was in such communities that institutions for water management were active. The opportunity cost of fetching water was high owing to the time taken and distances travelled. This undermined the execution of other livelihood activities and predisposed communities to resort to unprotected sources close by. The development of appropriate technology for rural water supply will be critical. Conventional water supply technologies essentially revolved around protected wells and boreholes. operational and maintenance overheads are very high. This is one of the main causes of boreholes staying nonfunctional for long periods of time. Hence sand river water harvesting systems using the JOMA and ROWA pumps could be critical in enhancing potable water supply. These sand river water harvesting systems are cheaper and easier to set up and maintain using local resources. This should be accompanied by capacity enhancement initiatives. In order to ensure sustainable rural water supply, there is need to develop robust institutions for water sources management. It should be noted that there were no functional institutions for water point management such as water point user committees in many wards. This negatively affected the management of water sources. Efforts should be directed towards capacity enhancing both local and national water management institutions. The total catchment approach to the management of rivers and dams will also be prudent since no local institutions existed for the management of these. In addition to the foregoing, the development of innovative community based methods for fund raising and resource mobilisation will be critical in availing resources for water point maintenance.
